In this study we show why spin-wave resonance in a (Ga,Mn)As thin lm may, in dierent conditions, meet the assumptions of either the surface inhomogeneity (SI) or the volume inhomogeneity (VI) model.
Introduction
Dilute ferromagnetic semiconductors are a class of very promising materials of the future [16] . Gallium manganese arsenide (Ga,Mn)As, created on the basis of the semiconductor gallium arsenide by the addition of a small percentage of manganese as a magnetic dopant, is one of the most intensively studied compounds in this class [7 12 ]. Spin-wave resonance in thin lms has been studied particularly intensively in gallium manganese arsenide in the past decade [1321] . Especially rich resonance spectra were obtained in studies with a variable conguration of the static eld with respect to the lm surface.
The eld was rotated perpendicularly to the lm surface, which corresponds to variable polar angle θ H between the direction of the external eld and the surface normal. In the present paper we shall analyze SWR measurement data concerning the out-of-plane rotation of the magnetic eld, mainly because of the controversy that arose in the interpretation of these results over an issue which therefore requires elucidation. If researchers tend to agree on the interpretation of SWR spectra in two extreme congurationsthe perpendicular and parallel congurations, corresponding to θ H = 0 and θ H = 90
• , respectivelythe interpretation of results obtained in intermediate congurations is under debate. Almost as a rule, a particular conguration of the external eld tends to occur in this range at a critical angle θ c H , for which the multi-peak SWR spectrum collapses to a single-peak FMR spectrum. There are two schools of thought regarding the interpretation of the occurrence of this critical angle. Both schools agree that in the critical conguration the thin lm is magnetically homogeneous, and the boundary conditions (specically, the surface spin pinning) correspond to the natural conditions, only resulting from the reduced neighborhood of the surface * corresponding author; e-mail: henpusz@amu.edu.pl spins. The dierence of opinion concerns the conguration evolution leading to the above-described naturally homogeneous magnetic state. One school [18] 2. Out-of-plane angle dependence of the surface parameter in (Ga,Mn)As thin lms
The experimental SWR spectra analyzed in this paper were measured in the out-of-plane geometry, as referred to by the Authors of Ref [18] [18] .
On the basis of their SWR study of (Ga,Mn)As thin lms Liu et al [18] . plotted the conguration dependence of the surface parameter A (θ H ) with the magnetic eld rotating from the perpendicular (θ H = 0) to parallel (θ H = 90
• ) conguration. Figure 1 shows the conguration dependence of the surface parameter, which we have 
Thus, the following equalities are fullled at the abovementioned characteristic angles:
for the critical angle θ (1) to the measurement points shown in Fig. 1 allows to determine the function a 2 (θ M ).
On the other hand, according to our earlier considerations in Refs.
[2224], a 2 (θ M ) can be expressed as follows by structural and magnetic quantities:
where 4πM eff ≡ 4πM −H 2⊥ , M is the saturation magnetization, H 2⊥ the eective uniaxial anisotropy eld, a the lattice constant (the average Mn-Mn distance), and D ex the exchange stiness constant.
Physical implications of the model
Using the formula (4) and knowing the a 2 (θ M ) dependence (determined numerically), we could determine the conguration dependence (see Fig. 2 ) of the quantity dened:
which relates the bulk and surface eective magnetizations. From Fig. 2 it follows that the magic angle is that particular angle at which the two (bulk and surface) effective magnetizations become equal. This is a consequence of the following interpretation of Fig. 2 : When the eld H is perpendicular to the surface of the lm (which corresponds to θ M = 0), both the surface and bulk magnetizations can be assumed to be aligned with the out-of-plane easy axis normal to the surface of the lm, but the bulk magnetization predominates over the surface magnetization, since, as indicated by Fig. 2, 4π∆M eff > 0 for θ M = 0. As soon as the orientation of the applied eld diverges from the normal direction, all the spins immediately incline towards the lm plane, in which the (Ga,Mn)As lm has two easy axes; this will result in reduced eective bulk magnetization. The surface magnetization, however, will not decrease as much as the bulk magnetization, since the surface spins are additionally constrained by the uniaxial surface anisotropy eld that aligns them in the direction normal to the surface of the lm. Thus, M bulk will decrease at a higher rate than M surf ace as the eld will continue to rotate towards the lm plane; as a consequence, the two eective magnetizations will be approaching a common value to reach it at the magic angle θ u M .
The particular role of the magic angle can be also demonstrated otherwise, by referring to the interaction length λ dened separately in the bulk and surface (and denoted λ b and λ s , respectively): range a surface disturbance will not be localized at the surface, but rather will penetrate into the bulk, aecting deeper sub-surface planes. Thus, the applicability of the SI model is very limited in this angle range, and the volume inhomogeneity model will be more adequate.
